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Purpose: Our hypothesis was that both styles are effective to decrease tidal volume (VT) but that
critiquing comprises the most effective strategy. The purpose of this study is to test this hypothesis by
measuring the effect of an active computerized decision support system, in 2 communication styles,
consulting and critiquing, on adherence to VT recommendations.
Materials and Methods: We developed and implemented an active computerized decision support system
(CDSS) working in a consulting style that always shows the preferred VT and in a critiquing style that shows
the preferred VT only if VT is above the desired threshold. A prospective, off-on-off-on study evaluated the
system's performance in a mixed medical-surgical intensive care unit of a university hospital.
Results: Four thousand seven hundred sixty-four patient-daymechanical ventilation from 757 patients were
analyzed. The percentage of ventilation time in excess of 6 and 8 mL/kg predicted body weight decreased
significantly after interveningwith the consulting style (12% reduction and P b .001; 22% reduction and P b
.001) and again increased after stopping the CDSS (11% increase and P b .001; 29% increase and P b .001).
With the critiquing CDSS, the percentage of ventilation time in excess of 6 and 8 mL/kg predicted body
weight again decreased significantly (6% reduction and P b .001; 15% reduction and P b .001).
Conclusions:The use of a CDSS in both communication styles improved the use of lower VTs for ventilated
patients. When decision support was not sustained, adherence to low VT fell back to its original value.
Interestingly, the consulting style had a slightly larger effect. This may stem from the high frequency of
showing reminders in this style and the relatively simple underlying guideline where its display implies the
associated action of loweringVT. The consulting style, however, wasmore interruptive for clinicians, calling
upon the need to strike a balance between effect and intrusiveness.
© 2012 Elsevier Inc. Open access under the Elsevier OA license.⁎ Corresponding author.
E-mail address: s.eslami@amc.uva.nl (S. Eslami).
883-9441© 2012 Elsevier Inc.
oi:10.1016/j.jcrc.2011.07.082
Open access under the Elsevier OA license.
425.e2 S. Eslami et al.1. IntroductionMechanical ventilation (MV) is one of the most important
life supporting facilities in intensive care units (ICUs) [1].
Several complications, however, have been associatedwith the
use of MV. Ventilator-associated lung injury [2-8] is related to
increased mortality and morbidity and should be prevented by
applying lower tidal volumes (VTs) (6 mL/kg predicted body
weight [PBW]) [7-10]. Various guidelines, relying mainly on
PBW of the patient, are used to limit the VTs applied to
patients, thereby improving quality and safety of MV.
Receiving too large VT, however, is still the norm rather
than the exception [11]. There are various possible
explanations for not following guidelines on lower VT,
including the use of actual bodyweight instead of the PBW,
reluctance to accept potential hypercarbia and/or perceived
increased sedation needs, lack of knowledge, disagreement
with the guideline, or unrecognized large VTs [12-17].
Clinical computerized decision support systems (CDSS)
are computer programs that are intended to help health care
workers in making decisions [18]. A CDSS can be
characterized by the level of support, the consultation
mode, and the communication style that it provides. The
level of decision support varies from general support, such as
providing the health care worker with information without
making a conclusion or giving advice, to patient-specific
support, such as suggesting a VT based on patient
characteristics. Some systems work in a passive mode,
providing advice only on demand, whereas other systems are
active, providing feedback (general or specific) to the health
care worker without being asked for. Regardless of level and
mode, a CDSS may operate in 2 communication styles: in the
noncritiquing style, it provides advice regardless of whether a
guideline is followed; in the critiquing style, the system
provides advice in case of (non)compliance to a guideline
[19]. Different combinations of levels, modes, and commu-
nication styles imply different requirements on technology
andmay have different effects on the outcome and acceptance
by the users. To the best of our knowledge, the difference
between the effects of the different communication styles in
CDSS on guideline adherence was not studied before.
As compliance of the respiratory system may change over
time, health care workers need to adjust the VTs continu-
ously, but the use of a CDSS has been rarely evaluated in
such a highly controlled clinical practice. In this environ-
ment, the CDSS should analyze the clinical data continu-
ously and, therefore, should be triggered frequently.
Recently and in a completely different set of patients, we
showed that the use of a consulting CDSS, integrated in a
patient data management system (PDMS), improved imple-
mentation of a lower VT MV strategy for patients ventilated
more than 24 hours [11].
We hypothesized that both the consulting (preferred VT
always displayed) and the critiquing (preferred VT displayed
only if VT is above desired range) communication styleswould increase the adherence to VT recommendations with
critiquing being the more effective strategy. The purpose of
this study is to test this hypothesis by measuring the effect
and difference in effects of an active CDSS in the consulting
and critiquing styles on adherence to VT recommendations.2. Methods
2.1. Study setting
In our 30-bed mixed medical-surgical “closed format”
ICU of a university hospital in the Netherlands, patients are
under the direct care of the ICU team. As part of the team,
ICU nurses can make ventilator therapy recommendations,
but unit policy mandates that all changes in MV settings are
ordered by physicians, except for VT (ie, nurses are allowed
to adjust applied airway pressures to change VT if necessary).
The team does not contain respiratory therapists.
2.2. Patient data management system
Since 2002, our ICUuses a commercial PDMS (Metavision;
iMDsoft, Sassenheim, TheNetherlands). The PDMS is a point-
of-care clinical information system, which runs on a Microsoft
Windows platform and includes computerized order entry,
automatic data collection, clinical documentation, electronic
medication administration record, and a data storage repository.
Mechanical ventilators are connected to the PDMS, and all
respiratory parameters are recorded every minute in the PDMS
database. Clinicians can see all fields related to MV, including
applied VTs, by clicking on “respiratory tabs” in the PDMS.
2.3. Mechanical ventilation
Most patients are orotracheally intubated or do have a
tracheotomy for MV; noninvasive MV is seldom applied. A
writtenMVguideline is available for all ICUmembers, both on
the intranet and in printed form. In short, this guideline advises
pressure-controlled (PC) MV or pressure support (PS) MV in
all patients. Levels of positive end-expiratory pressure (PEEP)
are adjusted to PaO2 levels. The lowest level of pressure
support is 5 cm H2O. There is a clear recommendation on VT
settings, stating that VTs have to be as low as 6 mL/kg PBW in
all patients, irrespective of the presence of acute lung injury.
With PC MV or PS MV, VTs are influenced by the applied
airway pressures as well as the compliance of the respiratory
system. As compliance may change over time, health care
workers need to adjust the inspiratory pressure [20].
2.4. Recommended VT
To calculate the recommended VT (milliliters), the PBW
(kilograms) is multiplied by 6. Predicted body weight was
Fig. 1 Study flow chart and screen dump of a CDSS messages. Because of technical problem and thereby stopping the CDSS messages,
10th until 22nd of February 2008 (⁎) were excluded from the analysis.
425.e3Effect on adherence to a lower VT MV strategycalculated by the following formula: in men, PBW = 50 +
0.91 ⁎ (centimeters of height − 152.4); in women, PBW =
45.5 + 0.91 ⁎ (centimeters of height − 152.4) [21].
2.5. Study design
We performed a prospective off-on-off-on evaluation
study on applied VTs to examine the impact of a CDSS on
adherence to our local MV guideline. This quasi-experimen-
tal trial was conducted during 4 consecutive phases (from
January 2007 to May 2008). The local ethics committee
approved the study. Because of the design and the fact that
the type of care provided was unchanged (same guideline),
obtaining informed consent was waived.
2.6. Intervention
In phase 1, which lasted for 3 months, the guideline was
only available on paper. In phase 2, which also lasted for 3
months, we used an active consulting CDSS (preferred VT is
always displayed) , which was derived from a previously
used and reported system [11]. At each day, the first
recommendation appeared when an ICU physician or ICU
nurse selected the “respiratory page” of a patient in the
PDMS. The respiratory page in the PDMS shows all
respiratory-related settings and results. The recommendation
showed the recommended VT in a pop-up window
irrespective of the actually applied VT. This window also
showed the patient's height, sex, and PBW (Fig. 1). If height
was not available in the PDMS, the guideline was still
shown, but in addition, a message was generated that
indicated that the value for height was missing.In phase 3, the wash-out period, the CDSS was off for 4
months. The guideline was only available on paper and as a
digital document on the intranet.
In the almost 4 months of phase 4, clicking the respiratory
page in the PDMS triggered the CDSS to query the recorded
VT, maximum pressure, and PEEP during the previous 60
minutes. The system then calculated the percentage of time
that VT was above the guideline-recommended VT. If VT was
above the guideline-recommended VT for more than 25%
(15 minutes) of the previous 60 minutes, a pop-up window
was shown displaying the guideline, recommended VT and
the patient's height, sex, and PBW as well as the percentage
of time in which VT was more than 6 mL/kg PBW. A
statement requesting the user to follow the guideline was
shown at the bottom of the pop-up window. To not disturb
the users and to give them time to adjust VT, VTs were again
queried and checked after at least 2 hours. The messages
were not shown when the pressure support level was at its
minimal value (ie, ≤5 cm H2O).
In both phases 2 and 4, the message was automatically
closed after about 1 minute if the clinicians did not click
it away.
2.7. Outcome measures
The primary outcome measure was the percentage of
ventilation time in which the VT was more than 6 mL/kg
PBW and, separately, more than 8 mL/kg PBW [7]. Mean
VT in excess of 6 mL/kg PBW over time was also
measured. If VT measurement was less than 6 mL/kg PBW
or the pressure support level was at its minimal value, the
VT was rendered “in range VT.” The third outcome was
425.e4 S. Eslami et al.frequency of VT measurements in the predefined ranges.
Tidal volumes less than 150 or greater than 1500 mL were
excluded because these were most likely measurement
errors. If VT was larger than the guideline-suggested
recommendation when pressure support was at its lowest
level, the measurement was considered correct (ie, not in
excess of 6 mL/kg PBW).
2.8. Patients
This study included all ICU patients who were mechan-
ically ventilated for more than 24 hours in the ICU [11] and
were not on adaptive support ventilation (which does not
allow changes of VT settings by health care workers).
Patients, who resided in more than 1 phase, were considered
as having a separate admission in each phase.
2.9. Statistical analysis
Sample size calculation showed that at least 143 patients
were needed to demonstrate an absolute difference of 10% in
ventilation time with VT more than 6 mL/kg PBW with α of
.05 and β of .8. Based on retrospective data analysis, at least
15weeks was shown to be needed tomeet these requirements.
Categorical variables in the groups were compared by a χ2
test, and continuous variables were compared by analysis of
variance (ANOVA), Kruskal-Wallis H, the Student t test, or
Mann-Whitney U testing, as appropriate. P b .05 was
considered significant. All analyses were conducted with
SPSS software version 16 (SPSS Inc, Chicago, IL/USA).Table 1 Patient baseline characteristics and ventilation data before a
Variable Phase 1 P
Patient baseline characteristics
Age, y 58.5 ± 15.7 (60) 5
Male, % 66% 6
Height, cm 175 ± 8 (175) 1
Weight, kg 79 ± 18 (80) 7
APACHE II 21.7 ± 7.7 (22) 2
Medical 59% 5
Head trauma 4.2% 3
Asthma or chronic obstructive disease 0.7% 0
SAPS II 48.6 ± 16.3 (48) 5
Arterial PaO2, mm Hg 74 ± 25 (72) 7
Arterial PaCO2, mm Hg 44 ± 13 (42) 4
PaO2/Fio2 159 ± 89 (142) 1
pH 7.33 ± 0.10 (7.35) 7
Ventilation data
MV duration, h 186 ± 221 (100) 1
PMax or PPlat, cm H2O 21.0 ± 6.3 (19.6) 2
PEEP, cm H2O 7.2 ± 2.7 (6.5) 7
Spontaneous (PSV) duration, % 71.2% 7
All data are mean ± SD (medians). APACHE II indicates Acute Physiology and C
II; PSV, pressure support ventilation; PMax, peak pressure; PPlat, peak plateau pr3. Results
3.1. Patients
During the study period, all 7 188 748 VT records (4992
patient-days) of 778 ventilated patients were extracted from
the PDMS database.We excluded 254 972 (3.5%) VT records
because they were out of range and considered to be incorrect
values (ie, b150 or N1500 mL). We also excluded 63 790
(1%) VT records of 9 patients because of missing values of
height and/or sex (Fig. 1). Excluded data were uniformly
distributed over the periods before and after intervention. The
remaining 6 859 986VT records (4764 patient-days; 95.5% of
total) originated from 757 patients (801 admissions). Table 1
shows patient characteristics before vs after the intervention.
Only Acute Physiology and Chronic Health Evaluation II and
Simplified Acute Physiology Score II scores in phase 4
compared with phase 1 were statistically significantly higher
(21.7 vs 24.5 and 48.6 vs 53.6, respectively; P b .001). No
other significant differences were found.
3.2. Messages
In the 2 intervention periods, the message was shown
11 283 times for patients withmore than 24 hours ofMV: 6508
times in the consulting phase (preferred VT was always
displayed) and 4775 times in the critiquing phase (preferredVT
was displayed only if VT was above the desired range). In
phase 2, on average, the messagewas shown 6.8 times for each
patient per 24 hours of MV. The message was shown tond after intervention
hase 2 Phase 3 Phase 4
9.7 ± 15.5 (61.5) 60.2 ± 14.8 (61) 60.9 ± 15.6 (63)
6% 63% 61%
75 ± 10 (175) 174 ± 10 (175) 172 ± 11 (173)
8 ± 17 (76) 76 ± 15 (75) 77 ± 18 (75)
2.7 ± 7.0 (23) 23.9 ± 7.7 (24) 24.5 ± 7.4 (24)
5% 61% 61%
.1% 4.1% 2.9%
.6% 0% 0.5%
3.0 ± 16.1 (52) 50.3 ± 16.4 (48) 53.6 ± 16.0 (53)
8 ± 27 (73) 77 ± 24 (73) 75 ± 27 (68)
4 ± 13 (42) 43 ± 12 (40) 47 ± 15 (42)
63 ± 91 (142) 161 ± 84 (141) 152 ± 80 (133)
.34 ± 0.11 (7.35) 7.36 ± 0.10 (7.36) 7.33 ± 0.11 (7.33)
32 ± 129 (81) 137 ± 141 (90) 171 ± 236 (101)
1.0 ± 6.2 (19.9) 20.1 ± 5.0 (19.4) 20.8 ± 5.6 (20.0)
.2 ± 2.5 (6.5) 6.9 ± 2.0 (6.4) 7.2 ± 2.2 (6.6)
0.0% 72.5 74.6
hronic Health Evaluation II; SAPS II, Simplified Acute Physiology Score
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425.e5Effect on adherence to a lower VT MV strategyphysicians and/or nurses who clicked on the respiratory tab in
the PDMS. In phase 4, this average was 3. The message was
not shown for 5 patients (3%), responsible for 3% of overall
MV time in phase 2, and for 84 patients (36%) with 28% of
overall MV time in phase 4. In these 84 patients, the critiquing
CDSS was triggered 2228 times in which the message was not
shown because the conditions for showing the message were
not met. In the consulting phase, clinicians closed the message
window on average after 8 seconds, whereas in the critiquing
phase, it took on average 4 seconds.
3.3. Tidal volumes
Table 2 shows the outcome measures separately in the 4
phases and also after combining the no-support phases (phases
1 and 3) vs the decision support phases (phases 2 and 4). The
percentage of ventilation time with VT in excess of 6 and
8 mL/kg PBW decreased significantly after intervening with
the consulting CDSS, where the preferred VT was always
displayed (12% reduction and P b .001; 22% reduction and
P b .001) and again increased after stopping the CDSS (11%
increase and P b .001; 29% increase and P b .001). With the
critiquing CDSS, in which the preferred VT was shown only
when it was too high, the percentage of ventilation time in
excess of 6 and 8 mL/kg PBW again decreased significantly
(6% reduction and P b .001; 15% reduction and P b .001).
With the consulting CDSS, the percentage of ventilation time
in excess of 6 and 8 mL/kg PBW was significantly less (6%
less and P b .001; 9% less and P b .001). The average volume
in excess of 6 mL/kg PBW had the same change pattern.
The same pattern was observed when the outcome
measures were summarized per patient instead of per VT
measurement (result not shown).
Fig. 2 shows the distribution of VT per 0.25 mL/kg
PBW groups in the different study phases in combination
along the decision support status. The percentage of time in
which VTs was more than 8 mL/kg PBW decreased after
both interventions.3.4. Tidal volumes in spontaneous and
nonspontaneous ventilation
Table 2 also shows the outcome measures separately for
spontaneous and nonspontaneous ventilation time. Overall,
the effect of the CDSS in both communication styles was less
in the spontaneous ventilation mode compared with the
nonspontaneous mode. Results show that the critiquing
CDSS in which the preferred VT was shown only when it was
too high did not change the percentage of ventilation time in
excess of 6 mL/kg PBW during the spontaneous ventilation
time. The critiquing CDSS decreased the percentage of
ventilation time with VT in excess of 8 mL/kg PBW during
spontaneous ventilation time but not with the same degree as
the consulting CDSS in which the preferred VT was always
displayed. On the other hand, during the nonspontaneous
Fig. 2 Tidal volume distribution.
425.e6 S. Eslami et al.ventilation time, the percentage of ventilation time with VT in
excess of 6 and 8 mL/kg PBW decreased slightly more in the
critiquing phase compared with the consulting phase.4. Discussion
This study confirmed the hypothesis that an integrated
computerized decision support system improved adherence
to a local guideline to optimize VTs in mechanically
ventilated ICU patients when using either a consulting
(preferred VT was always displayed) or critiquing (recom-
mendation shown only if VT was above desired threshold)
communication styles. Our findings on the effectiveness of
both styles are important because lowering VT has been
shown to improve survival in mechanically ventilated
patients [7-10] and because implementation of guidelines
to lower VT is known to be difficult [12-16]. Interestingly,
the effect of the CDSS, especially on percentage of time with
VT more than 8 mL/kg PBW, was larger in the consulting
style of decision support.
Our local MV guideline recommends the use of lower VTs
for all intubated and mechanically ventilated patients,
irrespective of the presence of acute lung injury or acute
respiratory distress syndrome (ALI/ARDS). The beneficial
effects of ventilation with low VTs have been shown for
patients with ALI/ARDS. But there are several reasons for
not treating patients with ALI/ARDS differently from those
without ALI/ARDS when considering the application of
lower VTs such as challenges to diagnose ALI/ARDS on
time, development of lung injury during the course ofdisease, and/or as a complication of MV [22,23]. Gajic et al
[24,25] showed VT size to be an independent predictor for
development of acute lung injury in patients who did not
have ALI/ARDS at onset of mechanical ventilation. The
odds ratio for developing ALI/ARDS was 1.3 for each
millimeter of VT more than 6 mL/kg PBW [24]. Therefore,
our findings are not only statistically significant but also
clinically relevant, although the magnitude of the effect on
VTs is small.
Previously, it was shown that providing a paper-based
MV guideline with feedback and education resulted in a
decrease in the mean excess VT from 4 to 2 mL/kg PBW
[12]. McKinley et al [26,27] simultaneously evaluated the
effect of different VT target values together with a CDSS,
rather than solely evaluating a CDSS. Herasevich et al [28]
recently showed that electronic medical record surveillance
of patients on MV could detect potentially injurious
ventilator settings, which are then communicated with the
clinicians through alerts. Recently and in a completely
different set of patients, we also showed that the use of a
consulting CDSS, integrated in a PDMS, improved imple-
mentation of a lower VT MV strategy for patients ventilated
more than 24 hours [11]. To our knowledge, the isolated
effect of CDSS in 2 communication styles has not been
reported yet, at least not in this domain.
The CDSS used in the present study composed of an active
patient-specific consulting system and an active patient-
specific critiquing system. Active refers to the fact that the
CDSSprovides guideline-recommendedVT for each physician
and nurse who is involved in the patient's treatment without
being asked for. Patient specific means suggesting a VT based
on each patient characteristic instead of just showing a general
advice and the guideline. Consulting means that the CDSS
provides guideline-recommended VT irrespective of the
adherence to the guideline. Critiquing means that the CDSS
provides guideline-recommended VT based on the level of
adherence to the guideline at the time of triggering. Developing
and integrating a critiquing CDSS in the computing environ-
ment are more complicated and technically demanding than a
consulting CDSS. Therefore, from a pure technical point of
view, the consulting style seems to be more practical and
generalizable. From a user's perspective, however, the large
number of pop-ups may be perceived as irritating, thus
hampering the acceptance of this communication style. A
potential advantage of active critiquing systems is that they do
not provide unnecessary “support,” which might increase its
acceptance by health care workers regardless of its effective-
ness. In the critiquing phase, the decision support message was
not shown when VT was in the guideline's range for more than
75% of the previous hour or when MV pressure support level
was 5 cm H2O or less at the time of activating the CDSS.
Because of this condition, for 37% of patients (amounting for
28% of overall MV time), the message was not shown at any
occasion in the critiquing phase. The higher number of
messages in the consulting style, however, may be responsible
for the unexpected larger effect compared with the critiquing
425.e7Effect on adherence to a lower VT MV strategyCDSS. This may be explained in 2 ways, users may genuinely
need continuous reminders to change their behavior, or the
high number of messages led to the Hawthorne effect and
possibly other cognitive psychology factors making the users
aware that they are being observed. This awareness may have
influenced their behavior, with different effects in the 2
communication styles. Clinicians clicked away the critiquing
messages faster than the consultingmessages. One explanation
for this behavior is that in the critiquing phase, clinicians knew
that the message always meant that something is wrong and
that they should adjust the VT and, therefore, it was not
necessary to read the whole message.
The use of different indicators for guideline adherence
may influence whether an alert is triggered and, hence,
potentially affect the results. We did not experiment with
different indicators using other conditions. This issue merits
further study.
In the patients who are mechanically ventilated and
breathing spontaneously, VT may be hardly influenced by
ventilator settings, thus limiting the role of a CDSS in these
circumstances. Interestingly, the effect of CDSS especially
on percentage of time more than 8 mL/kg PBW in both
spontaneous and nonspontaneously modes was almost
similar. This can be explained by the fact that there was
more room for improvement in patients ventilated in the
spontaneous mode. Improvement of the percentage of time
with VT more than 6 mL/kg PBWwas mostly encountered in
patients ventilated in the nonspontaneous mode, maybe
because nonspontaneous ventilation allows for adjustment of
VTs in a narrower range.
We note that in our patients, the mean of extra VT was
already relatively low due to earlier interventions before
using the CDSS. Hence, it is fair to hypothesize that the
effect of a CDSS in situations where larger VTs are being
applied could be much higher than in our patients.
Clinicians may be more inclined to prescribe lower VT to
those patients who are sicker [14,15]. An important
limitation of our study is the lack of complete information
for calculating lung injury scores to allow for testing this
hypothesis. In addition, mechanical ventilation parameters
were recorded every minute; therefore, some non–steady-
state and nonrepresentative values were likely to be captured.
It may be assumed that these values were uniformly
distributed in both before and after periods and that they
did not influence the study results.
Different combinations of support levels, active/passive
modes, and communication styles in CDSS imply different
requirements on technology and may have different effects
on the outcome and acceptance by users. Alerts and
reminders may be dependent on the clinicians' specialty,
alert relevancy is dependent on patient information [29] and
the need for reminding and/or critiquing, and the mode that
the feedback is provided (such as a pop-up or a subtle change
of screen layout) may influence user's behavior. Effects of
various CDSS design decisions were rarely evaluated and
merit further studies. An important follow-up study to ourspertains to evaluating the use of a critiquing style that also
includes positive feedback to clinicians when the VT is in an
acceptable range.5. Conclusion
We showed that the use of a CDSS integrated in a patient
data management system in both consulting (preferred VT is
always displayed) and critiquing (preferred VT shown only
when needed) communication styles improved implementa-
tion of a lower VT MV strategy for ventilated patients. When
decision support is not sustained, VT adherence fell back to its
original value. Hence, to achieve benefits, decision support
should be sustained. Repeated reminders seem important in
this feedback-loop controlled ventilation. Interestingly, the
consulting style CDSS had larger effect in this study. This
may be due to the relatively simple underlying guideline.
Design and implementation of consulting CDSSs are usually
easier than that of critiquing systems, but they may be
perceived as more interruptive for clinicians. Although
critiquing systems may less interrupt the clinical workflow,
they require online computing to determine whether a
guideline is followed. One should strike a balance between
the degree of intrusiveness of alerts in critiquing systems and
desired effect. An idea that particularly merits further
investigation is to use a critiquing style that also includes
positive critiquing in the form of nonintrusive positive
feedback when the VT is in an acceptable range.References
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